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The model developed by S. V. Vonsovskii (Ref. 1) for the interact ing inner and outer  e lec t rons  of a 

ferromagnetic metal  has s h e d  l ight  on the anomalous temperature dependence exhibited by the  electro- 

conductivity of ferromagnets near  the  Curie  temperature. An e s s e n t i a l  feature of Vonsovskii’s theory i s  that 

i t  a l lows  for e lec t ros ta t ic  exchange coupling between inner e lec t rons  (3d-shel ls  of i s o l a t e d  atoms) and outer  

e lec t rons  (4s-shel ls)  in the crystal  la t t ice .  

The outer  s -e lec t rons  a re  moving not only in the l a t t i c e  ion f ie ld  but  a l s o  in the f ie ld  of the inner  

d-electrons. Consequent ly ,  their  dynamic character is t ics  (effect ive m a s s ,  time of t raversal  of o n e  mean 

free path, etc.) depend on the s t a t e  of the inner e lectrons,  i.e., in ferromagnets primarily on  their  resu l tan t  

magnetization. It may be s a i d ,  to a f i rs t  approximation, that there  i s  a rather  quasi-magnetic exchange 

coupling field a c t i n g  on the s-electrons. A s  a result of t h i s  field the outer  e lec t rons  a r e  divided into two 

groups corresponding to the orientation of their intrinsic magnet ic  moments. The end resu l t  i s  that  those  

propert ies  of ferromagnetic meta ls  which are  attributable to the behavior of the outer  e lec t rons  should  display 

certain anomalies  near  the Curie  point, where the spontaneous  magnet izat ion undergoes an abrupt  variation 

with temperature. 

The equation der ived by Vonsovskii for the conductivity of ferromagnets near  the  Curie  point  i s  of 

the fonn 

’ Translated from Doklady Akademii  Nauk S S S R ,  v. 82, no. 6 ,  pp. 885-4387, 1952. 
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where J, and J s  a r e  the va lues  of the spontaneous magnet izat ion for d- and 2-electrons, y, i s  a proportion- 

a l i ty  coeff ic ient  of the order  of unity and contains the exchange coupling in tegra ls  of an s-electron with 

d-electrons near  a s ingle  la t t ice  s i t e  as  wel l  as for n e a r e s t  neighbor s i t e s .  T h i s  equation i s  in  agreement 

with the experimental r e s u l t s  -espec ia l ly  with those obtained by Gerlach (Ref. 2). 

Express ing  the kinet ic  equation in  the usual form and making u s e  of the  second approximation to 

ca lcu la te  the integrals  of antisymmetrical quantum s t a t i s t i c s  (Ref. 3), as wel l  a s  the dependence of the 

effect ive mass ,  chemical potent ia l ,  energy, and mean f ree  path t raversal  time of the outer  e lec t rons  on the 

spontaneous  magnet izat ion (Ref. l), we derived equat ions for the Thomson coeff ic ient  and  P e l t i e r  heat 

value. In all of the equat ions we separa ted  the t e r n s  depending on J, and J, in the f i r s t  approximation, for 

temperatures  near  the Curie  point  0, where the s-electrons a r e  s t i l l  greatly degenerate? 

resiilts of t h e s e  calculations-which are all s tandard --.re presented here. The thermal con- 

duct ivi ty  in  th i s  c a s e  has a form similar  to  Eq. (1): 

where y i s  a proportionality coeff ic ient  equal  to X 

k, is a cons tan t  of the order  lo-’ -1 and connects  the magnet izat ions J, a n d  J, (1, = k, 1,); p’ = % I ,  

,B= - b + X I,, where 1, i s  the exchange integral of the s- and d-electrons of neighboring atoms,  b i s  a 

quant i ty  inversely proportional to the effect ive m a s s  of a n  s-electron moving in  the la t t ice  ion f ie ld  only. 

For the c a s e  of low temperatures we obtained an equation for the temperature dependence of that 

par t  of the thermal conductivity which is specif ical ly  charac te r i s t ic  of the ferromagnetic s t a t e  of the metal: 

2The actual fact is that in typical ferromagnets the Curie point seldom exceeds lo2 to lo3 OK, whereas the 
degeneracy temperature of the conduction electron “gas” is equal in order of magnitude to 10 to lo5 OK. 
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The thermal EMF of a pa i r  of ferromagnetic conductors  is found to be the following: 

(in the notation of Bethe  and  Sommerfeld (Ref. 3) ). Here  

u 
1 d l n l  

2 d l n v  
A = 1 + - - -  - 

U - 
1 i s  the mean free path, v i s  the mean electron velocity; 5 = % r n 7 ,  m is the m a s s  of a n  electron moving i n  

the la t t ice  ion f ie ld  only. 

From Eq. (4) we can  obtain a n  empirical value of - d E / d T  for a thermocouple cons is t ing  of a ferro- 

magnetic and a nonferromagnetic conductor (Ref. 4) near  the Curie  point: 

At  t h i s  point we  have made  u s e  of the  well-known thermodynamical equation J ,  + J ,  = a ( G T ,  
and the cons tan ts  C and h a r e  equal  to  

The Thomson coef f ic ien t  w a s  calculated by means  of a thermodynamical equation relat ing i t  to 

the thermal EMF: 
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(p2 i s  the Thomson coefficient for a ferromagnet). 

The Peltier heat w a s  also calculated by means of an analogous thermodynamical relation: 

d E  
d T  

n = T - = - C T ~  + A T ~ ( O -  T I .  (7) 

Equations (21, (5), and (6) are in qualitative agreement with the published results of experimental 

measurements (Ref. 4, 5). A s  far as we know, no attempt h a s  been made to investigate experimentally the 

application of the Peltier effect to ferromagnets. 

It is apparent from all of the derived equations that the temperature dependence of the ferromagnetic 

“perturbations” of the investigated variables is determined by the square of the spontaneous magnetization, 

while the temperature coefficients corresponding to each of these variables should exhibit a strong maximum 

near the Curie point. 
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